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This  study  investigated  the  relationship  between  burnout  and  hemodynamic  and  autonomic  function-
ing  in  both  medical  students  (N =  55)  and  premedical  undergraduate  students  (N = 77).  Questionnaires
screened  for  health  related  issues  and  assessed  school  burnout  and  negative  affect  symptomatology
(anxiety  and depression).  Continuous  beat-to-beat  blood  pressure  (BP)  through  ﬁnger  plethysmography
and  electrocardiogram  (ECG)  monitoring  was  conducted  during  conditions  of  baseline  and  cardiac  stress
induced  via  the  cold  pressor  task  to produce  hemodynamic,  heart  rate  variability,  and  blood  pressure  vari-
ability indices.  Independent  sample  t-tests  demonstrated  that  medical  students  had  signiﬁcantly  higher
school  burnout  scores  compared  to  their  undergraduate  counterparts.  Controlling  for age,  BMI,  anxiety
and depressive  symptoms,  multiple  regression  analyses  indicated  that  school  burnout  was  a stronger
predictor  of elevated  hemodynamics  (blood  pressure),  decreased  heart  rate  variability,  decreased  mark-
ers  of vagal  activity  and  increased  markers  of sympathetic  tone  at baseline  for  medical  students  than  for
undergraduates.  Analyses  of physiological  values  collected  during  the  cold  pressor  task  indicated  greater
cardiac hyperactivity  for medical  students  than  for undergraduates.  The  present  study  supports  previous
research  linking  medical  school  burnout  to hemodynamic  and  autonomic  functioning,  suggests  biomark-
ers for medical  school  burnout,  and  provides  evidence  that  burnout  may  be  implicated  as  a physiological
risk  factor  in  medical  students.  Study  limitations  and  potential  intervention  avenues  are  discussed.
©  2016  The  Authors.  Published  by  Elsevier  GmbH.  This  is an  open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).. Introduction
Data from the American College Health Association-National
ollege Health Assessment II (ACHA-NCHA II), pooling from 108
niversities and including over 93,000 college students indicates
hat maladaptive affective functioning is the most prevalent psy-
hological impediment to successful academic performance among
S college students (ACHA-NCHA II, 2015). In fact, students over-
helmingly ranked the negative impact of stress as the leading
actor affecting their individual academic performance during the
ast 12 months. Accordingly, considerable resources (both research
nd public policy based) have been allocated toward identify-
ng, understanding, and decreasing affective symptomatology that
iminishes the mental and physical health of collegiate populations
Regeher, Glancy, & Pitts, 2013).
∗ Corresponding author at: 310 Longmire, Florida State University, Tallahassee, FL
2306-1491, USA.
E-mail addresses: rossmay00@gmail.com, rmay@fsu.edu (R.W. May).
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213-0586/© 2016 The Authors. Published by Elsevier GmbH. This is an open access artic
.0/).A growing concern regarding affective symptomatology in
academic populations is school burnout. School burnout is
school-related stress conceptualized as chronic exhaustion from
school-related work, cynicism toward the meaning of school and
a belief of inadequacy in school related accomplishment (Salmela-
Aro, Kiuru, Leskinen, & Nurmi, 2009). Prior research shows that
school burnout is associated with an imbalance of hemodynamic
functioning. Hemodynamics is the study of blood movement or
blood ﬂow and how physical forces affect circulation (Guyton
& Hall, 1996). Speciﬁcally, school burnout (a) is associated with
cardiac hyperactivity during conditions of cardiac stress and recov-
ery via a cold pressor task (CPT; submersion of one’s hand in
water of <4 ◦C for a speciﬁed amount of time) and (b) predicts
arterial stiffness and blunted diurnal blood pressure variability
as assessed through ambulatory blood pressure monitoring (see
May, Sanchez-Gonzalez, Brown, Koutnik, & Fincham, 2014; May,
Sanchez-Gonzalez, & Fincham, 2014). All the above ﬁndings relat-
ing school burnout to physiological functioning were independent
of affective symptomatology (i.e., anxiety and depression). More-
over, the cardiovascular responses of individuals suffering from
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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igher levels of burnout have been identiﬁed as risk factors for the
uture development of cardiovascular disease (Bajko et al., 2012;
itzGerald, Ottaviani, Goldstein, & Shapiro, 2012; Matthews et al.,
004). Arguably these ﬁndings make school burnout a potential
ublic health issue of particular concern to educators and health
are policy makers.
School burnout is pervasive at multiple educational levels: it
as been found in high school students (Salmela-Aro et al., 2009;
alburg, 2014), undergraduate students (May, Sanchez-Gonzalez,
rown et al., 2014; May, Sanchez-Gonzalez, & Fincham, 2014), and
raduate students (Dahlin & Runeson, 2007; Dyrbye, Thomas, &
assie et al., 2008; Dyrbye et al., 2011). Current research sug-
ests that burnout may  be particularly deleterious in medical
tudents as various forms of burnout in this population have
een associated with numerous negative professional and physical
ealth issues, including depressive symptoms and suicidal ideation
Dahlin & Runeson, 2007; Dyrbye et al., 2008, 2011), unprofessional
ehavior (Brazeau, Schroeder, Rovi, & Boyd, 2010; Dyrbye, Massie
t al., 2010), medical school dropout contemplation, (Dyrbye et al.,
011; Dyrbye, Thomas et al., 2010) lower empathy (Brazeau et al.,
010; Thomas et al., 2007), sleep disorders (Pagnin et al., 2014)
nd lower performance-based self-esteem (Dahlin, Joneborg, &
uneson, 2007).
The prevalence of medical school burnout is high. IsHak et al.
2009) showed that across 51 studies the prevalence of burnout
anged from 28 to 45% in medical students (Dyrbye, Thomas, &
untington, 2006; Willcock, Daly, Tennant, & Allard, 2004) and 27%
o 75% (averaged 50%) in residents (Martini, Arfken, Churchill, &
alon, 2004). In a more recent literature review of 9 studies, medical
tudent burnout ranged from 45% to 71% (IsHak et al., 2013). Thus
early half of all medical students experience burnout during their
edical education making this an at-risk population.
Given the many negative professional and wellness issues asso-
iated with school burnout, it is surprising that the physiological
ffects of burnout in medical school populations remains rela-
ively underexplored. Accordingly, we examined the relationship
etween medical school burnout and physiology through analy-
is of cardiovascular reactivity (CVR) induced by the cold pressor
ask (CPT). CVR is deﬁned as the magnitude or pattern of hemody-
amic responses to stressors (Manuck, 1994; Treiber et al., 2003).
esearch indicates that only through inducing states of CVR may
ome individuals be identiﬁed as at risk of deteriorated cardiovas-
ular functioning (Manuck, 1994; May, Sanchez-Gonzalez, Brown
t al., 2014; Treiber et al., 2003). Thus through CVR, cardiac anoma-
ies undetectable at resting states may  be better identiﬁed. For
xample, CVR has been shown to be both a marker and a mecha-
ism in the pathogenesis of cardiovascular disease (Manuck, 1994;
reiber et al., 2003). A research review investigating CVR and the
evelopment of subclinical and clinical CVD states, found that
lood pressure responses to the CPT were predictive of future
ypertension in longitudinal epidemiological studies in initially
ormotensive samples (Treiber et al., 2003).
Physiological parameters of interest in this study include typical
emodynamic (e.g. blood pressure and heart rate) and auto-
omic nervous system indices (vagal modulation) as well as more
rogressive cardiac indicators of autonomic functioning: cardiac
ympathovagal tone (through heart rate variability analysis) and
ympathetic vasomotor tone (through blood pressure variability
nalysis). Cardiac sympathovagal tone produces an index denot-
ng the contribution of sympathetic inﬂuence on the balance of
he autonomic state resulting from sympathetic and parasympa-
hetic inﬂuences (Goldberger, 1999; Goldstein, 1983). Elevated
ardiac sympathovagal tone has been identiﬁed as an important
arker of cardiovascular morbidity and mortality (Goldberger,
999; Goldstein, 1983). Unlike cardiac sympathovagal tone whichearch 3 (2016) 63–68
is predominately a vagal driven (parasympathetic) autonomic ner-
vous system indicator, sympathetic vasomotor tone provides a
more robust index of the sympathetic autonomic nervous sys-
tem inﬂuence on the vasculature (Malliani, Pagani, Lombardi,
& Cerutti, 1991). In more general terms, sympathetic vasomo-
tor tone describes the level of nervous system stimulation on
smooth muscles in the blood vessel walls which contributes to
their level of contraction (i.e. vasoconstriction). Elevated sym-
pathetic vasomotor tone has been associated with a variety of
negative wellness indicators (e.g. affective disorders, hyperten-
sion, autonomic nervous system disorders, Izdebska, Cybulska,
Izdebskir, Makowiecka-Ciesla, & Trzebski, 2004; Okamoto et al.,
2012; Sanchez-Gonzalez, May, Koutnik, Kabbaj, & Fincham, 2013).
Collectively, cardiac sympathovagal tone and sympathetic vaso-
motor tone are referred to as indicators of cardiac autonomic
modulation.
Therefore, we examined the relationship between medical
school burnout and CVR using indices of hemodynamics and cardiac
autonomic modulation. We  also explored this relationship at both
the graduate and undergraduate levels of medical education. We
expected medical school burnout to be associated with suboptimal
cardiovascular functioning as indicated by elevated hemodynamics
and imbalanced cardiac autonomic modulation (i.e. higher car-
diac sympathovagal tone and sympathetic vasomotor tone). We
also expected burnout to be implicated as a cardiovascular risk
factor in students at both the graduate and undergraduate med-
ical educational level. Furthermore, given the greater professional
and educational burden placed on medical students in gradu-
ate programs compared to undergraduate programs (IsHak et al.,
2013), we  expected graduate student burnout to have stronger rela-
tionships with impaired cardiac functioning than undergraduate
student burnout.
2. Methods
2.1. Participants
Fifty-ﬁve ﬁrst year medical students (41 females) and 77 under-
graduate university students majoring in premedical studies (61
females; 72% Seniors) qualiﬁed for study inclusion. In an attempt to
avoid potential cardiovascular functioning confounds, participants
were excluded from study participation through an online health
screening assessment if they smoked, exercised regularly (deﬁned
as >120 min  per week in the previous 6 months), were hyper-
tensive (blood pressure ≥140/90 mmHg), had chronic diseases, or
were taking beta blockers, antidepressants, or stimulants (as previ-
ously speciﬁed in May, Sanchez-Gonzalez, Brown et al., 2014, May,
Sanchez-Gonzalez, & Fincham, 2014). Participants were asked to
abstain from caffeine, alcohol, and strenuous physical activity for
at least 24 h prior to testing and were asked not to eat any food 4 h
prior to testing. Female participants were tested in the early follic-
ular phase of the menstrual cycle to avoid potential variations in
pressure wave morphology and cardiac reactivity (Adkisson et al.,
2010). The graduate medical student sample was 76% Caucasian,
7% African American, 9% Hispanic, 5% Asian, and 3% endorsed either
biracial or non-disclosed ethnicity. The premedical undergraduate
sample was  73% Caucasian, 10% African American, 8% Hispanic, 7%
Asian, and 2% endorsed either biracial or non-disclosed ethnicity.
Participants were recruited through campus advertisements and
from classrooms as an option for voluntary class credit with all
data collected in the middle (weeks 3–9) of the fall semester. All
participants gave their written consent prior to study participation
as approved by The Florida State University Institutional Review
Board.
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.2. Measures
.2.1. Anthropometrics
Height was measured using a stadiometer, body weight was
easured using a Seca scale (Sunbeam Products Inc., Boca Raton,
L), and body mass index (BMI) was calculated as kg/m2.
.2.2. Blood pressure
Continuous beat-to-beat blood pressure (BP) and electrocardio-
ram (ECG) monitoring was conducted for this study. Beat-to-beat
ssessment allows for the incorporation of psychophysiological
arkers of autonomic nervous system (ANS) functioning via power
pectral analysis of heart rate variability (HRV) and blood pressure
ariability indices (BPV). Blood pressure (BP), heart rate (HR), sys-
olic BP (SBP), and diastolic BP (DBP) were recorded through ﬁnger
lethysmography (NIBP-100 Bio-pac Inc., Goleta, California).
.2.3. Heart rate variability
The BP peaks were used to calculate the time duration of inter-
als between heartbeats (R wave to R wave interval, RRI) and
ere automatically detected using WinCPRS software (WinCPRS,
urku, Finland). The RRIs were inspected for artifacts, premature
eats, and ectopic episodes before calculation of heart rate vari-
bility (HRV) parameters. The HRV was calculated through the time
omain statistics percentage of adjacent R-R intervals that differ
y 50 ms  (pNN50), root mean square of successive R-R differences
RMSSD), and total power or variance in RRI. These are consid-
red standard markers of cardiac vagal modulation and are elevated
uring states of relaxation or physiological wellbeing (Task Force,
996).
The main spectral components of the HRV that were calculated,
y means of Fast Fourier transformation, were the low frequency
LF; 0.04–0.15 Hz) and the high frequency (HF; 0.15–0.4 Hz). To
xclude the inﬂuence of very low frequency (VLF) and to control
or changes in total power during the intervention induction, it
s more appropriate to report these spectral components in nor-
alized units (nu; Pagani et al., 1986). Due to structural algebraic
edundancy inherent in the normalized spectral HRV measures
ith respect to each other (nLF = 1-nHF), we only report LFnu and
enote LFnu as an index of cardiac sympathovagal tone (Task Force,
996; Burr, 2007; Pagani et al., 1986). Increased LFnu is associated
ith states of increased cardiovascular stress such as that induced
y the cold pressor test (Sanchez-Gonzalez et al., 2013).
.2.4. Blood pressure variability
ECG measurement produced BPV indices by having the SBP time
eries resampled at 5 Hz and the continuous data stream passed
hrough a low pass impulse response ﬁlter with a cutoff frequency
f 0.5 Hz. The data were then subjected to Fast Fourier transform
lgorithms using a Hanning spectral window and subsequently
moothed using a triangular averaging function to produce a spec-
rum. The power was calculated by measuring the area under the
eak of the power spectra density curve. Power spectra within the
.04–0.15 Hz range were deﬁned as LFSBP and taken as an esti-
ate of sympathetic vasomotor modulation (Malliani et al., 1991).
eductions in short term BPV including increased LFSBP have been
ssociated with adverse cardiovascular outcomes (Manios et al.,
014; Parati, Ochoa, Lombardi, & Bilo, 2015).
.2.5. School burnout
School burnout was measured using the School Burnout Inven-
ory (SBI; Salmela-Aro et al., 2009). The SBI closely mirrors the
ork-related conceptualization of burnout as measured by the
aslach Burnout Inventory (MBI; Maslach, Jackson, & Leiter, 1996).
he SBI consists of three ﬁrst-order latent factors, exhaustion at
chool (four items), cynicism toward the meaning of school (threeearch 3 (2016) 63–68 65
items), a sense of inadequacy at school (two items) and an overarch-
ing second-order factor representing overall school burnout. Thus
summed scores from the ﬁrst-order factors comprise a second-
order overall school burnout score. The overall school burnout
composite score was  used for analysis in this study. As in Salmela-
Aro et al., 2009, all the items were rated on a 6-point Likert-type
scale ranging from 1 (completely disagree) to 6 (strongly agree).
Higher composite scores indicate higher burnout. Reliability for the
sample was   = 0.93. In a reliability and validity study, Salmela-Aro
et al. (2009) demonstrated that this SBI model demonstrated good
model ﬁt with depressive symptoms, school engagement, and aca-
demic achievement predictive of SBI scores in high school students.
2.2.6. Depression
Depression was measured using the 10-item Center for Epi-
demiologic Studies Depression Scale (CES-D; Santor & Coyne,
1997). The CES-D has been widely used to measure depressive
symptoms in nonclinical samples. It asks participants to respond
to a list of ways they may  have felt or behaved during the previ-
ous week. Responses ranged from 0 (rarely or none of the time)
to 3 (most or all of the time). Responses were summed into one
overall score with a possible range of 0–30. Higher scores are indica-
tive of greater depressive symptoms. Reliability for the sample was
 = 0.87.
2.2.7. Anxiety
Anxiety was measured using the 20-item State-Trait Anxiety
Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1970). Responses
were scored on a 4-point Likert scale 1 (not at all) to 4 (very much
so). Items were then summed to create a composite anxiety score
with a possible range of 20–80 with higher scores indicating greater
anxiety. Reliability for the sample was  = 0.92.
2.3. Procedure
After laboratory familiarization, height and weight measure-
ments were taken of participants. Participants then completed
an online self-report questionnaire containing health and demo-
graphic information as well as scale measurements including the
SBI, CES-D, and STAI. After instrument calibration and a 10-min
resting period in a seated position, 5 min  of baseline beat-to-
beat ﬁnger hemodynamic data (including BP, HR, HRV, BPV) were
recorded. This was followed by a 3 min  cold pressor test (CPT)
in which continuous beat-to-beat ﬁnger hemodynamic data was
recorded. The CPT is used to assess cardiovascular reactivity to a
stressor by measuring a participant’s cardiovascular status before
and during the submersion of their hand in cold (<4 ◦C) water. All
data collection was  conducted in the afternoon in a quiet, dimly lit,
temperature-controlled room (23 ± 1 ◦C) at the same time of the
day (±2 h) to minimize potential diurnal variations in cardiovascu-
lar reactivity.
3. Results
Independent sample t-tests comparing graduate and under-
graduate student health demographics and scale measurements
(SBI, CES-D, STAI) scores indicated that graduate medical students
had signiﬁcantly (p < 0.05) higher school burnout scores than pre-
medical undergraduates, t(130) = 2.02, p = 0.045, Cohen’s d = 0.370.
Age was the only demographic signiﬁcantly different between
graduate and undergraduate students, t(130) = 18.53, p < 0.001,
Cohen’s d = 0.311, with graduate students older than undergradu-
ates. No other group differences were found on scores of CES-D,
STAI, height, weight, or BMI  (t’s <1, p > 0.05). Table 1 displays
descriptive statistics. Multiple regression analyses (controlling for
age, BMI, anxiety, and depression) and follow-up simple slope
66 R.W. May et al. / Burnout Res
Table 1
Descriptive statistics of health demographics and scale measurements.
Medical (n = 55) Undergraduate (n = 72)
Variable M ± SD M ± SD
1.  SBI 24.09 ± 6.79 20.92 ± 10.02
2.  CES-D 8.91 ± 4.58 7.67 ± 8.11
3.  STAI 25.09 ± 6.96 24.00 ± 8.54
4.  Height (cm) 165.66 ± 10.66 161.11 ± 6.81
5.  Weight (kg) 65.03 ± 15.39 63.54 ± 13.70
6.  BMI  (kg/m2) 23.38 ± 3.35 24.53 ± 3.50
7.  Age (yrs) 24.76 ± 2.05 19.57 ± 1.15
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ndex.
nalyses evaluated the relationship between SBI scores and stu-
ent class (graduate vs. undergraduate students) in predicting
ariance in physiological outcomes (see Table 2). Analyses exam-
ning interactions between student class category (graduate vs.
ndergraduate students) and SBI scores on baseline cardiovascu-
ar outcomes indicate that graduate medical students had higher
aseline hemodynamic parameters (heart rate, blood pressures) as
ell as elevated sympathetic nervous system activity (higher LFnu,
ower pNN50 and lower RMSSD) in comparison to undergraduates.
f note is vasomotor tone (LFSBP). Although no interaction (student
lass X SBI) was found for LFSBP, LFSBP was signiﬁcantly associated
ith increased SBI for graduate students but not for undergrad-
ates. Although LFSBP was indeed higher for undergraduates in
omparison to graduate students, the large amount of variance in
he LFSBP undergraduate measurement prevented signiﬁcant sta-
istical association (see Table 2, panel A).
Change scores () were calculated for CPT task analysis as CPT
ask values minus baseline values (see Table 2, panel B). Regression
nalyses indicated that during sympatho-stimulation (CPT task),
raduate medical students’ demonstrated greater cardiac hyper-
ctivity than premedical undergraduate students as indicated by
ncreased heart rate, blood pressures (SBP, DBP) and sympathetic
ctivity (LFnu, but not pNN50 or RMSSD).
. DiscussionThis study evaluated novel relationships between burnout and
ardiovascular and autonomic nervous system functioning in medi-
al and premedical student samples. As expected, graduate medical
able 2
egression analyses displaying interaction statistic and simple slope analysis of physiolog
ressor task (Panel B).
Criterion Interaction Medical (n = 55)
M ± SD
Panel A
SBP t = 5.15** 123.90 ± 12.26 
DBP  t = 4.43** 77.17 ± 5.43 
HR  t = 7.12** 68.74 ± 7.56 
RMSSD t = 3.67** 43.33 ± 0.95 
pNN50 t = 4.72** 20.40 ± 5.93 
LFnu  t = 5.74** .71 ± 0.07 
LFSBP t = 1.17, p = 0.246 1.20 ± 0.44 
Panel  B
SBP t = 2.16* 5.13 ± 4.78 
DBP  t = 2.12* 12.37 ± 5.46 
HR  t = 2.46* 8.48 ± 0.80 
RMSSD  t = 0.58, p = 0.561 −6.67 ± 5.83 
pNN50  t = 0.04, p = 0.966 −6.87 ± 8.12 
LFnu  t = 4.94** −0.18 ± 0.05 
LFSBP  t = 2.63* 0.57 ± 1.19 
redictor: School burnout inventory. * p < 0.05, ** p < 0.001.  = baseline—cold pressor t
MSSD = root mean square of successive differences, pNN50 = the proportion of NN50 divi
FSBP  = low-frequency component of systolic blood pressure variability.earch 3 (2016) 63–68
students suffer from higher burnout than premedical undergrad-
uates. Furthermore, the associations between school burnout and
indices of poorer cardiovascular functioning were stronger for the
graduate medical students than the premedical undergraduates.
In particular, we  observed that school burnout was associated with
decreased markers of vagal activity (pNN50, RMSSD) and increased
markers of sympathetic tone (LFnu, LFSBP) to a greater degree in
graduate medical students. Thus the novel ﬁndings of the present
study include identifying potential biomarkers of school burnout
which provide initial evidence to suggest that school burnout, espe-
cially in the medical student population, may  be cardiotoxic and
hence may  predispose individuals with high school burnout scores
to cardiovascular disease.
This research extends previous investigations into physiological
links to school burnout (May, Sanchez-Gonzalez, Brown et al., 2014;
May, Sanchez-Gonzalez, & Fincham, 2014) by evaluating a spe-
ciﬁc, at-risk population, namely, medical students. Furthermore,
and of concern, is the comparison of mean school burnout values
between this research and the previous research utilizing the SBI in
US samples. School burnout was  higher for both the graduate and
undergraduate medical samples in this study (M = 24.09, M = 20.92,
respectively) than in all of the undergraduate samples using the SBI
(M = 20.19 in May, Sanchez-Gonzalez, Brown et al. (2014); M = 17.76
in sample 1 and M = 18.09 in sample 2 in May, Sanchez-Gonzalez,
and Fincham (2014); M = 17.11 in sample 1, M = 17.53 in sample
2, M = 17.01 in sample 3 and M = 17.39 in sample 4 in May, Bauer,
& Fincham, 2015). This comparison highlights the prevalence of
burnout in undergraduate and graduate medical school popula-
tions. It also provides novel insight into the cardiovascular and
autonomic functioning potentially responsible for the deleterious
health associations with school burnout.
Regarding limitations, this study was constrained by a largely
female sample. Future research should aim for sampling that
more accurately reﬂects the gender proportions in medical school
especially given the predominance of males in graduate medical
programs (see Association of American Medical Colleges (AAMC,
2015). Additionally, while this study (76%) and national aver-
ages (54%) report Caucasians (non- Hispanic) as the predominate
ethnicity enrolled in graduate medical schools, Asian student par-expected given national enrollment rates (21%). Future research
should seek to reﬂect student samples more proportional to current
national enrollment rates (AAMC, 2015). Furthermore, this study
ical indices on school burnout scores by class at baseline (Panel A) and during cold
Beta Undergrad (n = 72)
M ± SD
Beta
0.91** 120.35 ± 15.53 −0.08
0.98** 72.32 ± 8.75 −0.05
0.55** 67.00 ± 12.36 −0.52**
−0.38** 46.00 ± 30.29 −0.98**
−0.42** 22.91 ± 21.84 0.28*
0.33* .67 ± 0.19 0.62**
−0.94** 2.91 ± 4.18 −0.19
−0.85** 4.51 ± 14.33 −0.42*
0.69** 9.29 ± 5.44 0.19
0.90** 5.75 ± 2.85 −0.09
0.00 3.90 ± 19.40 −0.07
−0.11 −1.00 ± 8.83 −0.08
0.77** −0.004 ± 0.14 −0.34*
0.76** 0.20 ± 1.25 0.16
ask, SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate;
ded by total number of NNs, LFnu = normalized low frequency heart rate variability,
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as laboratory based and utilized only one physiological stres-
or (cold pressor task) which might be inﬂuenced by ﬁtness and
ther physiological characteristics. However, our study methodol-
gy attempted to minimize this ﬁtness inﬂuence via use of a study
xclusion criterion regarding exercise frequency (deﬁned as >120
f exercise minutes per week during the previous 6 months).
Future research may  ﬁnd it beneﬁcial to incorporate ambulatory
ardiovascular assessments to more accurately evaluate stress in
ne’s natural environment as well as ﬁtness measures such as oxy-
en consumption (VO2max). Lastly, it should be noted that this study
s observational and demonstrates association only and is silent on
ausation. We  interpreted this study’s ﬁndings as medical school
nrollment being associated with increased levels of burnout and
dverse hemodynamic ﬁndings. However, an alternate explanation
ould be that students with these characteristics are more likely to
e admitted to medical school. This could be clariﬁed in the future
y longitudinal studies following medical students from admission
o college through medical school or following undergraduates as
hey transition into medical school.
As this research provides evidence that school burnout is
inked with suboptimal physiological functioning and could poten-
ially increase cardiovascular risk in medical students, it behooves
edical school policy makers to investigate potential wellness
nterventions to attenuate school burnout’s negative inﬂuences on
tudents’ well-being. This is especially important given that data
uggest burnout is socially contagious. As with research on the
ocially contagious nature of mood and negative affect (see Giletta
t al., 2011; Joiner & Katz, 1999; Kiuru, Aunola, Nurmi, Leskinen,
 Salmela-Aro, 2008; Kiuru, Burk, Laursen, Nurmi, & Salmela-Aro,
012; Neumann & Strack, 2000; Van Zalk, Kerr, Branje, & Stattin,
010; Van Zalk, Branje, Kerr, & Stattin, 2010), the symptomatology
ssociated with work burnout can transfer both with and with-
ut direct or close contact among employees (Bakker, Demerouti,
 Schaufeli, 2006; Gonzalez-Morales, Peiro, Rodriguez, & Bliese,
012). Although it remains to be evaluated in an educational con-
ext, we believe it highly likely that school burnout functions
imilarly as a social contagion.
In addition to efforts to develop burnout reduction inter-
entions aimed at systematic factors which induce burnout in
he learning environment, promising interventions may  also be
imed at both psychological and physiological mechanisms and
utcomes (Bradley et al., 2010). For example, emWave personal
esilience training combines personalized stress reduction train-
ng with biofeedback heart rate variability technology to induce
sychophysiological coherence (www.heartmath.org/research/e-
ooks; McCraty, 2010). Initial research demonstrates that emWave
raining increases synchronization of nervous system activity,
ncreases emotional stability, and improves cognitive and task per-
ormance (McCraty, 2010). This appears to be a promising burnout
ntervention that awaits evaluation in future research.
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